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FIELD OF THE INVENTION 

[0005] The present invention generally relates to a fluid control and gas 
delivery assembly for containing, receiving and storing fluids and for 
dispensing gas from a fluid container, vessel or tank ("fluid container"). In 
particular, the present invention employs a fluid control and gas delivery 
assembly having an integrated fluid flow restrictor. The present invention 
further relates to a method of control and delivery of fluid from such a fluid 
control and gas delivery assembly. 

BACKGROUND OF THE INVENTION 

[0006] Control and delivery of high purity corrosive, toxic, oxidant, inert, 
pyrophoric fluids and mixtures of such fluids from fluid containers is necessary 
to a wide range of processing and manufacturing markets, such as in the 
medical and semiconductor industries. Use of such fluids can be hazardous, 
unless they are handled carefully. 

[0007] An uncontrolled release of hazardous fluids is particularly 
undesirable for safety and toxicity reasons. Such a release can lead to 
catastrophic consequences, including injury and even death to persons 
working in the area where the fluid release occurs. In addition, in many 
industrial applications, any such release would also necessitate a partial or 
complete evacuation of, at least, the industrial facility in the area where the 
uncontrolled release occurred, resulting in substantial economic losses. An 
uncontrolled release also has the potential to cause costly damage to 
sensitive and expensive equipment exposed to such hazardous fluid, because 
many of these fluids are corrosive. 

[0008] One type of arrangement for controlling hazardous fluids 
consists of a number of discrete components fitted to the outside of the fluid 
container valve to control such functions as pressure, flow, gas shut-off, and 
safety relief. Such an arrangement has numerous joints that are often prone 
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to leakage, resulting in difficulty controlling the quality and purity of the fluid for 
the user's application. Often, at least some portion of such an arrangement 
must be enclosed in a gas cabinet. A gas cabinet is large and expensive. 
These prior arrangements utilizing discrete components, with their associated 
problems, are undesirable, particularly in processing and manufacturing 
applications where high purity corrosive, toxic, oxidant, inert, pyrophoric fluids 
and mixtures of such fluids are utilized, such as in the medical and 
semiconductor industries. 

[0009] Another type of fluid control arrangement has been recently 
developed that can be used for, among other things, controlling hazardous 
fluids, and is disclosed by U.S. Patent No. 6,314,986 B1 ("'986 patent"). The 
'986 patent is assigned to the assignee of the present invention, Air Products 
and Chemicals, Inc. As more particularly pointed out in the '986 patent, rather 
than just connecting a number of discrete components into a control panel 
system, which has also been proposed in some miniaturized gas control 
systems, the '986 patent encompasses redesigning and machining a group of 
components directly into a discrete body (referred to as a module), or onto an 
electronic chip (for example, in micro-electro-mechanical system units), such 
that a number of modules can be interconnected to meet various user and 
market needs. 

[0010] The '986 patent discloses, among other things, building 
functions into the discrete body or module that can give users added benefits, 
such as direct pressure control and flow control, which may further permit the 
complete elimination of the gas cabinet. In addition, in the high technology, 
high cost markets, such as electronics, the '986 patent overcomes the 
problems associated with corrosion, contamination, and human exposure 
when making and breaking connections to the fluid container, especially when 
using high purity corrosive, toxic, oxidant, inert, or pyrophoric fluids and 
mixtures of such fluids. 

[0011] Typically, these prior flow control arrangements have further 
employed fluid flow restrictors, such as restrictive flow orifices and capillary 
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tubes, in view of the serious consequences that can result from an 
uncontrolled release of hazardous fluids. Fluid flow restrictors can be 
positioned in various locations in conventional valve systems. 

[0012] The conventional restrictive flow orifice, for example, is a fluid 
flow restrictor employed for lowering the risk of catastrophic failure by 
reducing the mass flow release rate of fluid from the fluid container in the 
event of a system failure. Sometimes conventional restrictive flow orifices are 
placed upstream of any pressure regulation apparatus. Other times these 
conventional restrictive flow orifices are placed in the outlet of the fluid 
container valve, where such outlets typically have connections made 
according to Compressed Gas Association (CGA) standard V-1. 

[0013] Conventional configuration of fluid flow restrictors, such as 
restrictive flow orifices, has been documented. For example, guidance on the 
conventional configuration of restrictive flow orifices is provided, for example, 
by the Semiconductor Equipment and Materials International (SEMI) 
Standards S5-93 and S5-0703. These SEMI Standards provide a safety 
guideline method for limiting the release of hazardous gases from a gas 
cylinder valve during transportation, storage and use. The SEMI Standards 
recommend that conventional flow limiting devices limit mass flow to a 
maximum allowable mass flow release rate based on full flow conditions, i.e. 
high tank pressures at 700 kilopascals (100 pounds per square inch gage) 
and higher. Other standards may contemplate maximum allowable mass flow 
rates based on higher or lower tank pressures depending on the user's 
application and the hazardous fluid used. 

[0014] Standards, such as the SEMI standards, provide a method of 
configuring fluid flow restrictors based on a "worst-case" mass flow release 
rate. By using the "worst case" mass flow release rate, the fluid flow restrictor 
can be configured to limit mass flow to a maximum allowable mass flow 
release rate from a fluid container. Use of the "worst-case" mass flow release 
rate to configure the fluid flow restrictor means that the dimensions of the fluid 
flow path through the fluid flow restrictor are calculated using: a maximum 
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fluid pressure of the fluid in the container, which is typically when the fluid 
container is at approximately its full capacity, the fluid density, and the 
allowable maximum mass flow release rate, which is usually dictated by 
safety regulations. 

[0015] A fluid flow restrictor configured based on the "worst-case" 
release rate can have a number of disadvantages. Some of the 
disadvantages of configuring the conventional restrictive flow orifices based 
on the "worst case" mass flow release rate can be understood in the context 
of silane (SiH 4 ) discharge from a fluid container. Silane is a spontaneously 
combustible gas and is recognized as having a high level of risk associated 
with its use requiring the highest level of risk mitigation for this gas. 

[0016] One disadvantage is that, when the fluid container is filled with 
silane to the fill capacity of the fluid container, the resulting worst-case mass 
flow release rate of silane through a conventionally configured restrictive flow 
orifice normally will exceed the maximum allowable mass flow rate. One 
conventional practice to overcome this problem is to fill the fluid container to a 
lower pressure to satisfy the maximum allowable mass flow rate standard. 
Another practice is to put in a smaller restrictive flow orifice to limit the mass 
flow to the maximum allowable mass flow rate standard. Filling the fluid 
container with less fluid or using a smaller orifice is done at the price of added 
operational costs. 

[0017] Another disadvantage of configuring a conventionally configured 
restrictive flow orifice based on the "worst case" mass flow release is that the 
contents of the fluid container cannot be fully utilized. For example, as silane 
is depleted from the fluid container, the delivery pressure steadily falls. 
Assuming that the silane flows at sonic velocity, the corresponding fall of the 
delivery pressure results in the maximum mass flow rate through the 
restrictive flow orifice dropping proportionally. At some point, the conventional 
cylinder valve system is no longer capable of supplying the fluid at a mass 
flow rate sufficient to meet the process demand. When such insufficient flow 
rate conditions occur, the conventional valve system must be taken off line, 
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which wastes the remaining valuable gas that could not be utilized or 
withdrawn for the process application. Therefore, by not fully utilizing the fluid 
from the fluid container, the user incurs increased operational costs when 
using the conventional valve system. 

BRIEF SUMMARY OF THE INVENTION 

[0018] In accordance with at least one embodiment of the present 
invention, a fluid control and gas delivery assembly for containing, receiving 
and storing hazardous fluids and for dispensing gas has been developed 
which comprises a fluid container, a fluid fill path, a gas dispensing path, a 
first shut-off valve, a pressure reducer, a fluid flow restrictor, a second shut-off 
valve and a fluid outlet connector. The fluid container has a wall separating 
an interior volume from a region outside said container, wherein the container 
is adapted for containing a fluid at a first pressure, where the first pressure is 
the pressure of the fluid when the container is at the container fill capacity. 
The fluid fill path extends through said wall from said region outside said 
container to said interior volume. The gas dispensing path extends through 
the wall from the interior volume to the region outside said container, the gas 
dispensing path being non-coextensive with the fluid fill path. The first shut- 
off valve is positioned in said gas dispensing path. The pressure reducer is 
also positioned in said gas dispensing path downstream of the first shut-off 
valve to reduce the pressure of the fluid flowing upstream of the pressure 
reducer to a delivery pressure. A fluid flow restrictor is positioned in said gas 
dispensing path downstream of the pressure reducer, the restrictor has a fluid 
flow restriction path that is configured to restrict the flow of the fluid delivered 
to the fluid flow restrictor at the delivery pressure to a maximum mass flow 
rate that is equal to or less than the maximum allowable mass flow rate 
standard for the hazardous fluid. In addition, a second shut-off valve is 
positioned in said gas dispensing path downstream of said pressure reducer. 
The outlet connector is disposed in said gas dispensing path downstream of 
said first and second shut-off valves and is adapted for making and breaking a 
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low-pressure connection between the gas dispensing path and apparatus for 
utilizing gas. 

[0019] In another aspect of this invention, a method for storage and 
dispensing of a gas is provided which comprises containing a gas in a 
confined state in a fluid control and gas delivery assembly according to the 
present invention; and selectively dispensing the confined gas by actuating 
the first shut-off valve to discharge the gas from the container. 

[0020] In a further aspect of this invention, a method of manufacturing a 
semiconductor product is provided that comprises: containing a fluid in a 
confined state in a fluid control and gas delivery assembly according to the 
present invention; selectively dispensing the confined fluid by actuating the 
first shut-off valve to discharge the gas from the fluid container; and using the 
discharged gas in the manufacture of a semiconductor product. 

[0021] In yet a further aspect of this invention, a method for replacing 
the source of gas, in an apparatus for utilizing the gas, without breaking a high 
pressure connection is provided that comprises 

• providing first and second supplies of gas, each supply comprising 
a fluid container adapted for storing a fluid at a first pressure and 
having a wall separating an interior volume from a region outside 
said fluid container and a primary gas control module mounted on 
said fluid container. 

• providing an apparatus for using the gas, said apparatus having a 
low-pressure inlet and an inlet connector, said inlet connector 
initially being coupled to the outlet connector of said first supply of 
gas to supply gas from said first supply to said apparatus; 

• closing the shut-off valve of said first supply of gas to isolate said 
first supply of gas from said apparatus for using the gas; 

• breaking the low-pressure connection between the connectors of 
said first supply of gas and said apparatus for using the gas; 
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• replacing said first supply of gas with said second supply of gas; 

• making a low-pressure connection between the connectors of said 
second supply of gas and said apparatus for using the gas, while 
the shut-off valve of said second supply of gas is closed; and 

• allowing the shut-off valve of said second supply of gas to be 
opened, which allows gas to flow from said second supply to said 
apparatus for using the gas. 

The primary gas control module comprises a gas dispensing path, a fluid fill 
path, a first shut-off valve, a pressure reducer, a fluid flow restrictor, a second 
shut-off valve and an outlet connector. The gas dispensing path extends 
through the wall from the interior volume to the region outside of the container 
and is non-coextensive with said fluid fill path. The first shut-off valve is 
positioned in said gas dispensing path. The pressure reducer is positioned in 
said gas dispensing path downstream of the first shut-off valve to reduce the 
pressure of the fluid flowing upstream of the pressure reducer to a delivery 
pressure. A fluid flow restrictor is positioned in said gas dispensing path 
downstream of the pressure reducer, said restrictor having a fluid flow 
restricting path configured to restrict the flow of the fluid delivered to the fluid 
flow restrictor at the delivery pressure to a maximum mass flow rate that is 
equal to or less than the maximum allowable mass flow rate standard for the 
hazardous fluid. The second shut-off valve positioned in said gas dispensing 
path downstream of said pressure reducer. An outlet connector is disposed in 
said gas dispensing path downstream of said first and second shut-off valves 
and is adapted for making and breaking a low-pressure connection between 
said gas dispensing path and apparatus for utilizing gas. 

[0022] Other optional components may be incorporated into the present 
invention, such as filtration, purge protection, backflow protection, fluid level 
measurements, variable pressure control, flow control and an electronic flow 
control and monitoring system. 
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[0023] Preferred and optional features that have been set out with 
regard to previous and subsequent aspects of the invention, may also be 
provided in accordance with this aspect of the invention. It is to be 
appreciated that where features of the invention are set out herein with regard 
to devices according to the invention, such features may also be provided with 
regard to a method according to the invention, and vice versa. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 

[0024] The foregoing summary, as well as the following detailed 
description of certain embodiments of the present invention, is further 
understood when read in conjunction with the appended figures. These 
figures illustrate certain embodiments of the invention. One of ordinary skill in 
the art will readily understand, however, that the present invention is not 
limited to the arrangement and instrumentalities shown in the attached 
figures. 

[0025] FIG. 1 is a process flow diagram of a fluid control and gas 
delivery assembly having an integrated fluid flow restrictor for containing, 
receiving and storing fluids and for dispensing gas from a fluid container in 
accordance with one embodiment of the present invention. 

[0026] FIG. 2 is a front elevation view of a configuration of a fluid 
control and gas delivery assembly having an integrated fluid flow restrictor for 
containing, receiving and storing fluids and for dispensing gas from a fluid 
container in accordance with one embodiment of the present invention. 

[0027] FIG. 3 is a process flow diagram of a fluid control and gas 
delivery assembly having an integrated fluid flow restrictor for containing, 
receiving and storing fluids and for dispensing gas from a fluid container in 
accordance with one embodiment of the present invention, where the fluid 
outlet is located on a side of the integral valve assembly, when the assembly 
is in its normal upright position. 
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[0028] FIG. 4 is a process flow diagram of a fluid control and gas 
delivery assembly having an integrated fluid flow restrictor for containing, 
receiving and storing fluids and for dispensing gas from a fluid container in 
accordance with one embodiment of the present invention, where the fluid 
control and gas delivery assembly includes a purge gas flow path. 

[0029] FIG. 5 is a partial axial section of a fluid control and gas delivery 
assembly having an integrated fluid flow restrictor for containing, receiving 
and storing fluids and for dispensing gas from a fluid container in accordance 
with an embodiment of the present invention that shows the internal 
arrangement in more detail. 

[0030] FIG. 6 is a partial axial section of a fluid control and gas delivery 
assembly having an integrated fluid flow restrictor for containing, receiving 
and storing fluids and for dispensing gas from a fluid container in accordance 
with an embodiment of the present invention that shows the internal 
arrangement in more detail from an alternate perspective. 

[0031] Like reference characters on the several figures indicate like or 
similar parts. 

DESCRIPTION OF THE INVENTION 

[0032] Referring now to the drawings, wherein like reference numbers 
refer to like elements throughout the several views, FIGS. 1 through 6 show 
several configurations of an assembly for containing and delivering hazardous 
fluids from a pressurized container. Because the common details are given 
the same reference numbers in each of the figures, their construction and 
operation will not be reiterated for each figure. 

[0033] For the purposes of the present invention, the term "fluid" 
includes gases and liquids. The term "gas" encompasses both a permanent 
gas and a vapor of a liquefied gas. Unless otherwise indicated, all pressures 
discussed will be absolute pressures. 
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[0034] Permanent gases are gases that cannot be liquefied by 
pressure alone at ambient temperature, and for example can be supplied in 
fluid containers at pressures up to 300 bar gage. Examples are argon and 
nitrogen. 

[0035] Fluids that liquefy under pressure as they are compressed for 
filling into a fluid container are not permanent gases and are more accurately 
described as liquefied gases under pressure or as vapors of liquefied gases. 
Vapors of liquefied gases are present above the liquid in a compressed gas 
fluid container. As an example, nitrous oxide is supplied in a fluid container in 
liquid form, with an equilibrium vapor pressure of 44.4 bar gage at 15 degrees 
Celsius. Such vapors are not permanent or true gases as they are liquefiable 
at a pressure and temperature approximating atmospheric conditions. 

[0036] Generally, a fluid is hazardous, as defined by the National Fire 
Protection Association Standard (NFPAS) 704, when the fluid is classified as 
a class 3 or 4 fluid due to its degree of hazard in health, flammability, or 
reactivity. Other standards issuing organizations may define a "hazardous" 
fluid differently than in the NFPAS 703 classes 3 or 4. Hazardous fluids, 
therefore, may be defined in various ways, but still could be used and remain 
within the scope and range of the claims without departing from the spirit of 
the invention. 

[0037] Examples of fluids contemplated for use with the present 
invention are numerous. Some examples are: acetylene, ammonia, argon, 
arsine, boron tribromide, boron trichloride, boron trifluoride, boron-11 
trifluoride, carbon dioxide, carbon monoxide, chlorine, chlorine trifluoride, 
deuterium, diborane, dichlorosilane, disilane, fluorine, germane, helium, 
hydrogen, hydrogen bromide, hydrogen chloride, hydrogen fluoride, hydrogen 
iodide, hydrogen selenide, hydrogen sulfide, methane, methylsilane, nitric 
oxide, nitrogen, nitrogen trifluoride, nitrous oxide, oxygen, phosphine, silane, 
silicon tetrachloride, silicon tetrafluoride, stibine, sulfur dioxide, sulfur 
hexafluoride, trichlorosilane, tungsten hexafluoride, xenon, and mixtures and 
formulations thereof. Some of the above fluids when used alone are 
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hazardous. Other fluids listed above become hazardous when used in 
mixtures with other fluids. 

[0038] FIG. 1 depicts a fluid control and gas delivery assembly 10 for 
containing, receiving and storing hazardous fluids and for dispensing gas. 
FIG. 2 is a front elevation view of the exterior of the apparatus shown in FIG. 
1 . The assembly 10 is illustrated in the form of a fluid container 12 having an 
integral valve assembly 14 attached to the fluid container 12. 

[0039] Typically, the fluid container 12 will be in the form of a standard 
compressed fluid container and will have a fluid container orifice 16. The fluid 
container orifice 16 of the fluid container 12 is open to an interior volume 
defined by the wall 18 of the fluid container 12. 

[0040] The fluid container 12 is adapted to contain a fluid under a first 
pressure, where the first pressure is the pressure of the fluid at the fill capacity 
of the fluid container 12. The fill capacity of the fluid container 12 will typically 
be a pressure of up to about 24500 kilopascals (kPa) (2553 pounds per 
square inch gage (psig)). The fill capacity will vary from tank to tank 
depending on various factors, such as the container size, configuration, and 
the user's application requirements. The fluid container 12 can optionally 
include a pressure sensor to measure internal pressures up to the full cylinder 
pressure or fill capacity of the fluid container 12. 

[0041] In one embodiment, the integral valve assembly 14 is made of 
stainless steel AISI 316-L, the seats, valves and regulators are made of 
polychlorotrifluoroethylene (PCTFE), and the internal parts in contact with the 
fluid are made of stainless steel or nickel. Other suitable materials can be 
used. 

[0042] The integral valve assembly 14 is in sealed communication with 
the fluid container orifice 16. In one embodiment, the integral valve assembly 
14 is welded to the fluid container 12 at about the fluid container orifice 16. 
For example, when a user seeks to deliver low vapor pressure fluids, it may 
be possible to have the integral valve assembly 14 welded, or otherwise 
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integrally attached, onto the fluid container 12 to ensure complete sealing 
without valve threads. 

[0043] Several of the advantages of this invention are achieved by 
building into the integral valve assembly 14 a number of flow control and 
measurement components. Additional advantages are achieved by adding 
discrete modules performing different functions depending upon operation of 
internal components, arranged in the manner of the modular integral valve 
assembly of U.S. Patent No. 6,314,986 B1 ("'986 patent"). That is, the 
integral valve assembly 14 may be constructed of modular components such 
that the variations taught in the '986 patent may be easily manufactured and 
easily changed by a user. As will become readily apparent, the fluid control 
arrangement disclosed by the '986 patent has application with the present 
invention. Accordingly, the '986 patent is incorporated herein expressly by 
reference in its entirety. 

[0044] The integral valve assembly 14 has a fluid delivery inlet 20 and 
a fluid delivery outlet 22. The fluid delivery outlet 22, for example, can be 
specified in accordance with the Diameter Index Safety System of the 
Compressed Gas Association and allows connection to the user's process 
equipment by using the appropriate connection adapter. The fluid delivery 
outlet 22 can be, for example, a quick connect output connector, a face seal 
connector, a compression fitting, a threaded connector, or other conventional 
connector. The inlet and outlet connections of the assembly 14 will usually be 
selected according to CGA V-1 or EN629-1, where applicable. A person of 
ordinary skill will understand that various other suitable connections can be 
used and remain within the scope and range of the claims without departing 
from the spirit of the invention. 

[0045] In one embodiment, as shown in FIG. 3, the fluid delivery outlet 
22 will be oriented sideways relative to the integral valve assembly 14, 
preferably facing in a horizontal direction, when the vessel 12 is in its normal 
upright position. As has been explained, the advantage of this outlet 
configuration is that, especially in industrial situations, the fluid delivery outlet 
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22 is less likely to be contaminated by falling contaminants, if it is mounted in 
a side face of the unit, facing sideways, rather than in a top face, facing 
upwardly. 

[0046] The fluid delivery outlet 22 is typically covered by a removable 
cover (not shown). Also, the appropriate keyed fluid container connections 
recommended by the Compressed Gas Association may be used. As a 
possible extension, custom keyed connections could be instituted to ensure 
incompatible fluids were not mistakenly connected. 

[0047] As shown in FIGS. 1, 3, 4, 5 and 6, a gas dispensing path, 
shown generally at 24, extends through said wall 18 from the interior volume 
of the fluid container 12 to a region outside of the fluid container 12, and more 
particularly, the gas dispensing path can extend between approximately the 
fluid delivery inlet 20 and the fluid delivery outlet 22. The gas dispensing path 
24 may either be coextensive or non-coextensive, at least partially, with the 
other flow paths described herein. 

[0048] In one embodiment, the fluid delivery inlet 20 is upstream of an 
optional purifier 26 that is positioned in the gas dispensing path 24. A person 
of ordinary skill will understand that various suitable locations for the fluid 
delivery inlet 20 can be used within the scope and range of the claims without 
departing from the spirit of the invention. 

[0049] A purifier is disclosed in U.S. Patent No. 5,409,526, assigned to 
Air Products, which is incorporated herein by reference in its entirety. U.S. 
Patent No 5,409,526 (issued on April 25, 1996, "'526 patent") discloses an 
apparatus that permits refill of the fluid container without making or breaking a 
high pressure connection. In particular, the '526 patent discloses an 
apparatus for supplying high purity gas comprising a fluid container having a 
valve with two internal ports. One internal port is used to fill the fluid container 
while the other is fitted with a purifier unit, which removes particulates and 
impurities from the gas as it leaves the fluid container. The provision of two 
internal ports and internal valves allows the container to be filled without 
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passing the filling gas through the internal filter unit. The purifier and filtration 
media are added as cartridges to the fluid container valve. 

[0050] In an embodiment of the present invention, the location for the 
purifier 26 is inside of the fluid container 12. The purifier 26 can also filter 
particles to achieve a very high purification of fluid container gases, which has 
not normally been available in known fluid container gas products. The 
purifier 26 includes a purifier, which can conveniently comprise a unit 
containing a substance selected from the group consisting of adsorbents, 
absorbents, catalysts and mixtures thereof, whereby impurities are removed 
from the gas as it is withdrawn from the container thorough the unit. The 
purifier 26 can purify gas to a standard of parts per billion (ppb) of impurities, 
or even parts per trillion (ppt), which cannot be achieved by previous purifiers. 

[0051] Also, a residual pressure valve 28 may be located downstream 
of the purifier 26. A person of ordinary skill will understand that various 
suitable locations for the residual pressure valve 28 can be used within the 
scope and range of the claims without departing from the spirit of the 
invention. The residual pressure valve 28 is typically a check valve set to 
have a nominal crack pressure between 303-365 kilopascals (kPa) (43.9-53 
psi). The residual pressure valve 28, as can be seen in FIGS. 1-6, can be 
connected upstream of a first shut-off valve 34 to prevent back flow of foreign 
fluids. 

[0052] An input connector 30 can be adapted to connect the integral 
valve assembly 14 in fluid flow communication with the interior volume of the 
fluid container 12. When an input connector 30 is included, the input 
connector 30 can extend into the fluid container 12. The input connector 30 
comprises a connecting gas flow dispensing path 32 communicating with the 
purifier 26 by way of a residual pressure valve 28. The connecting gas flow 
dispensing path 32 and the gas dispensing path 24 can be coextensive with 
one another. 

[0053] In this embodiment, at least one first shut-off valve 34 integral to 
the integral valve assembly 14 is positioned on the high pressure, i.e. 
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upstream, side of a pressure reducer 40. The first shut-off valve 34 is 
positioned in the gas dispensing path 24. 

[0054] The first shut-off valve 34 selectively opens and sealingly closes 
to control fluid flow along the gas dispensing path 24. The first shut-off valve 
34 is biased to be normally closed, particularly when no system application is 
connected to the fluid delivery outlet 22 of the integral valve assembly 14. 
The first shut-off valve 34 also acts to isolate the pressure reducer 40 from the 
fluid contained upstream in the fluid container 12 at high pressure, when the 
fluid container 12 is filled or when the pressure reducer 40 is serviced. The 
first shut-off valve 34 is preferably located as close to the fluid container 12 as 
possible to enhance system safety. This first shut-off valve 34 serves as a 
back-up to the pressure reducer 40 in preventing unintentional fluid release 
during transportation, connection and disconnection from a user's application 
apparatus (not shown) downstream of the integral valve assembly 14. 

[0055] The first shut-off valve 34 can be manually operated. The first 
shut-off valve 34 can also be actuated pneumatically, electromechanical ly or 
otherwise. 

[0056] The output of the first shut-off valve 34 is optionally connected to 
a filter 36. If the optional filter 36 is connected to the output of the first shut-off 
valve 34, the filter 36 is connected upstream of, or to, the pressure reducer 
40. 

[0057] A high pressure gauge 38 may be optionally provided to indicate 
the pressure in the fluid container 12. The high pressure gauge 38 serves to, 
among other things, indicate the pressure of the fluid in the fluid container 12, 
so that the fluid container 12 can be changed when empty. 

[0058] The present invention includes at least one pressure reducer 40 
that is positioned in the gas dispensing path 24 and downstream of the fluid 
delivery inlet 20 and the first shut-off valve 34. The pressure reducer 40 may 
typically take the form of a self-regulating mechanical device that is used to 
reduce the pressure of the dispensed gas. One example of a pressure 
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reducer 40 is a pressure regulator that incorporates a diaphragm or a piston 
connected to a valve as a way of reducing the pressure of the gas dispensed 
from the fluid container 12. The pressure reducer 40 may be fixed at a pre- 
set pressure or may be variable. In one embodiment, the pressure reducer 40 
is a single stage diaphragm design. In another embodiment, the pressure 
reducer 40 is a tubular pressure regulator. The pressure reducer 40 can also 
take the form of an expansion valve, a two-stage diaphragm regulator, or any 
other apparatus that can reduce or regulate pressure. 

[0059] The pressure reducer 40 can be set at a predetermined level to 
dispense gas or vapor from the fluid container 12 when the pressure level is 
super-atmospheric, sub-atmospheric, or atmospheric pressure, depending on 
the desired dispensing conditions. In one embodiment, the pressure reducer 
40 is selected to deliver fluid at low positive, super atmospheric pressure 
regulation to the fluid flow restrictor and will typically be set to deliver fluid to 
the fluid flow restrictor at a pressure of about 1-5 bar (99.97 kPa to 499 kPa or 
14.5 to 72.5 psi) with delivery pressures at the outlet of about 1-7 bar (99.97 
kPa to 699 kPa or 14.5 psi to 101.5 psi). The pressure reducer 40 reduces 
the pressure of the fluid flowing upstream of the pressure reducer 40 to a 
lower pressure of fluid flowing downstream of the pressure reducer 40, which 
will typically be within the delivery pressures required by the user's 
application. In practice, the pressure reducer 40 can have a delivery pressure 
set by the supplier or fluid container owner to further minimize the possibility 
of human error. 

[0060] Regarding the adjustability of the pressure reducer 40, the 
delivery pressure setting of the pressure reducer 40 may be adjusted by use 
of a fixed spring, or by use of an adjustable spring requiring a special key to 
adjust it, or by use of a partially evacuated or pressurized dome load. 
Alternatively, the pressure reducer 40 could be a micro-electromechanical 
system (MEMS) comprised of a pressure sensor and a micromachined control 
valve both etched, for example, in a single silicon wafer that is part of the gas 
dispensing path 24. Thus, the pressure reducer 40 can be operated manually 
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(for example, by a knob) or by other well known expedients, including 
electronically, pneumatically or otherwise mechanically actuated device. 

[0061] Directly combining a pressure reducer 40 with the purifier 26 
without any joints reduces particle generation, which has added benefits to 
the user. In prior systems, the purified gas reaches the tool in the usage 
circuit by passing through a series of discrete flow control components that 
are connected to each other via valves and fittings. 

[0062] Placing the pressure reducer 40 downstream of the purifier 26 in 
the integral valve assembly 14, with minimized volume and the least number 
of connections in the downstream path from the purifier 26, also is an effective 
way to minimize contamination. The purifier 26 can remove moisture to 
reduce the corrosivity of the gas and the pressure reducer 40 can reduce the 
outlet pressure to further reduce the corrosiveness. If a purifier 26 is not 
included in assembly 14, the pressure reducer 40 in the present invention, 
however, could fulfill the role of inhibiting backflow itself. 

[0063] The outlet of the pressure reducer 40 is optionally connected to 
a pressure switch or flow switch 42 for further controlling the low pressure flow 
downstream of the pressure reducer 40. The pressure switch or flow switch 
42 may, for example, be replaced by a manually operated needle valve or 
metering valve. 

[0064] Optionally, a low pressure gauge 44 can be connected to the 
pressure/flow switch 42 or downstream of the pressure reducer 40 to indicate 
the pressure in the low pressure portion of the integral valve assembly 14. 
The high pressure gauge 38 and low pressure gauge 44, as discussed above, 
may be mechanical display gauges or may be electronic gauges, which 
provide an electrical output. 

[0065] Also, the optional low pressure gauge 44 may be calibrated for 
use in monitoring the delivery pressure. Additionally, the optional high 
pressure gauge 38, upstream of the pressure reducer 40, can be included for 
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non-liquefied compressed fluids to indicate the content of fluid in the fluid 
container 12. 

[0066] One of the advantages of the present invention is that, by 
locating and configuring a flow restrictor 46 to take advantage of the reduced 
pressure downstream of the pressure reducer 40, an increase in fluid 
utilization from the fluid container and reduction in the maximum release rate 
of the gas in the event of catastrophic system failure can be achieved. The 
flow restrictor 46 is positioned downstream of the pressure reducer 40 and in 
the gas flow dispensing path 24. The fluid flow restrictor 46 defines a fluid 
flow restricting path, which can be one or more orifices, nozzles, capillary 
tubes, conduits or other suitable fluid flow restricting path. Typically, the gas 
supplier or fluid container owner will install, remove or otherwise service the 
flow restrictor 46. 

[0067] The flow restrictor 46 is configured based on the pressure 
delivered from the upstream flow regulation devices, like the pressure reducer 
40, as opposed to a much higher pressure of the full container pressure (as is 
done conventionally). The flow restrictor 46 is configured to restrict the flow of 
the fluid to a maximum mass flow rate that is equal to or less than the 
maximum allowable mass flow rate dictated by a governing standard for the 
user's application. 

[0068] For example, Semiconductor Equipment and Materials 
International (SEMI), government and other standard issuing organizations 
and associations set the maximum allowable mass flow rates for hazardous 
fluid depending on the hazard and user's application. It is expected that the 
governing mass flow rate standards might change. In particular, a future 
maximum allowable flow rate standard, higher or lower than the present 
standards, can be used and be within the scope and range of the claims 
without departing from the spirit of the invention. 

[0069] In configuring the fluid flow restrictor 46, there are generally two 
fluid flow regimes, critical and sub-critical, for fluid flow through a flow 
restrictor that can be considered. In the sub-critical fluid flow regime, the 
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velocity of the fluid flowing through the flow restrictor 46 depends on both the 
upstream and downstream pressure. Sub-critical fluid flow occurs only when 
the ratio of the pressures upstream and downstream of the flow restrictor 46 
(defined below as R p ) is greater than the critical pressure ratio (defined below 
as R c ). 

[0070] Conversely, critical fluid flow (also called "choked flow" or flow at 
"sonic velocity") occurs when R p < R c - Or, put another way, critical flow 
occurs when the downstream absolute pressure (P 2 ) is fifty-two percent 
(52.8%) of the upstream absolute pressure (Pi). In the critical flow regime, 
the fluid flow reaches its sonic velocity, so that the mass flow rate depends 
only on the density of the gas as it passes through the narrowest opening. As 
a result, critical flow does not depend on the downstream pressure as long as 
R P < R c - 

[0071] The cross-sectional area of the opening through the fluid flow 
restricting path of the flow restrictor 46 is determined by the following 
relationship: 



i , , MassFlowRate 

Area of the fluid flow restnctor = 



C w {density)(velocity) 



[0072] Variations on the above relation may apply depending on the 
type of fluid flow restrictor used. For example, it is understood that the 
restrictive flow orifice, nozzle or venturi can be configured, depending on the 
fluid flow regime, based on the following relationships: 



Area of the fluid flow restrictor (critical flow): 



MassFlowRate 



\kP,D, 



, (*+») 
2 V-0 



k+l) 
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MassFlowRate 



lldfMf 2 V-0 



ZRT U + l/ 

Area of the fluid flow restrictor (sub-critical flow): 

MassFlowRate 



where applicable for the above equation: 

Pi = pressure upstream of the fluid flow restrictor 

p 2 = pressure downstream of the fluid flow restrictor [for 

atmospheric leak cases, P 2 is atmospheric pressure 14.7 
pounds per square inch absolute or 101325 Pa] 
d = orifice diameter (meters) 
D = gas density (kilograms per cubic meter (kg/m 3 )) 
M = molecular weight of the gas (kilograms per gram-mole) 
k = Cp/Cv (at standard temperature and pressure conditions) 
A = cross-sectional area of the opening through the fluid flow 
restricting path of the flow restrictor (square meters(m 2 )) 
R = ideal gas constant = 8.314 joules per mol-K 
T = temperature in degrees Kelvin (°K) 
R p = pressure ratio (P2/P1) 



Rc = critical pressure ratio = 



k 



2 

Z = compressibility factor for non-ideal gas = 

PV PM 
or 



r HL\ RT DRT 
KM) 

C w = discharge coefficient. 

The discharge coefficient takes into account that the area 
of the flow stream at its narrowest point, the so-called 
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vena contracts, is narrower than the geometrical opening 
of the orifice, A. It is derived from Shapiro's correlation 
chart (see, e.g., Shapiro, A. H. The Dynamics and 
Thermodynamics of Compressible Fluid Flow; Ronald 
Press: New York; 1953; V. 1 , ch. 4.) and fit to equation: 
0.85 + 0. 104167/?/? - O.SlSRp 2 + 0.52083Z?/? 3 

[0073] In one embodiment, the flow restrictor 46 takes the form of a 
restrictive flow orifice (known as an RFO). The cross sectional area of the 
opening of such a restrictive flow orifice determined in accordance with the 
present invention is computed using the pressure delivered to the fluid flow 
restrictor from the upstream fluid flow regulation devices, like the pressure 
reducer 40 (as opposed to using the full fluid container pressure), to configure 
the restrictive flow orifice. 

[0074] For example, when silane is passed through a fluid flow 
restrictor, in this case, a restrictive flow orifice, the maximum allowable fluid 
flow rate through the orifice set forth by the Semi Standard S5-93 is 7.6 
standard liters per minute (slpm), which is computed assuming a full tank 
pressure of 700 kilopascals (kPa), i.e., full flow conditions, and the C-type 
orifice size. Under such pressure and flow rate conditions, solving the mass 
flow rate equations for area and assuming critical flow, the cross-sectional 
area of the opening of the fluid flow restricting path called for by the SEMI S5- 
93 standard is .3511 millimeters (.0138 inches). Specifically, the cross- 
sectional area of the opening through fluid flow restricting path of the flow 
restrictor is computed as follows: 

temperature = 294.2 K (21.1 °C), 
Pi = 7.00x 1 0 6 Pa, 
P 2 = 1.01 x10 5 Pa, 
M = 0.0321 kg/gmole, 
k= 1.25, 

Mass Flow Rate = 1.83 x 10 -4 kg/s 
(note that vapor density at 
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0°C and 101325 Pa (STP) 
is 1 .44 kg per cubic meter, 
so 1.83X10" 4 kg per 
second is equivalent to 7.6 
slpm), 

R p = 0.017, 

Rc = 0.555, 

Z = 0.558 (silane is a highly non- 
ideal gas), 



and C w = 0.85 

MFR = {OMXOrificeAreal 



1 



(l25)(7.00xl0 6 Pa) 2 (o.0321% / g ) r % ^ 
(0.558)(8314^/ o/ ^)(294.2^) 



2.25 



Design Orifice Area = 9.68 x 10* 8 m 2 
(therefore, d = 3.51 x 10" 4 m, 

where A = (m 2 )(for a round orifice) 

4 

[0075] In contrast, the present invention configured with a flow 
restrictor, here a restrictive flow orifice, to allow 7.6 standard liters per minute 
(slpm) mass flow rate at the pressure delivered to the fluid flow restrictor, 
which typically ranges from about 99 kPa to about 499 kPa, equates to orifice 
diameters corresponding to about .9314 millimeters (.0367 inches) at 99 kPa 
and about .4149 millimeters (.0163 inches) at 499 kPa. The smaller .4149 
mm orifice will allow, solving the above equation for the mass flow rate at 
critical flow and at 700 kilopascals, a flow rate of 10.67 slpm, which exceeds 
the SEMI standard. 

[0076] If the fluid flow restrictor takes the form of a restrictive flow 
orifice, the nominal diameters for orifices suitable for use with this invention 
are: 0.15, 0.25, 0.5, 0.75, 1.0 and 4.0 mm (0.006, 0.01, 0.02, 0.03, 0.04 and 
0.16 inches). Other fluid flow restrictors will be understood by one of skill in 
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the art to be suitable for use in connection with the present invention. In 
particular, suitable fluid flow restrictors can include one or more filters, flow 
nozzles, screens, conduits, capillary tubes or Venturis. Configuring these 
elements can be achieved using well known flow computations or empirical 
data applicable to the particular fluid flow restrictor used in the user's 
application and would follow computations like those above. 

[0077] As should now be evident, use of a conventional orifice also 
results in less of the available fluid to be depleted from the fluid container 12. 
This, in turn, means that the conventional valve system limits the amount of 
fluid that can be withdrawn by the user. 

[0078] At least one second shut-off valve 48 is also included. In this 
embodiment, the second shut-off valve 48 is integral to the valve assembly 14 
and positioned on the low pressure, i.e. downstream, side of a pressure 
reducer 40. The second shut-off valve 48 is positioned in the gas dispensing 
path 24. 

[0079] This second shut-off valve 48 selectively opens and sealingly 
closes to control fluid along the gas dispensing path 24, which acts to control 
flow of fluid from the fluid container and to protect the pressure reducer 40 
from ingress of ambient gas during storage and transit when the second shut- 
off valve 48 is in a closed position. When used in connection with the high 
pressure shut-off valve 34, the pressure reducer 40 can be isolated for 
maintenance or during the filling of the fluid container 12. This feature can be 
important when delivering corrosive or reactive fluids such as HCI, HBr, SiH 4 , 
BCb, etc., where air contamination can lead to corrosion or solids formation or 
both. 

[0080] Now turning to the embodiment of the present invention that 
facilitates filling of the fluid container 12, a fluid fill path 50 in the integral valve 
assembly 14 may be provided between the fluid container orifice 16 of the 
fluid container 12 and a fluid fill inlet 54 of the integral valve assembly 14. 
The fluid fill inlet 54 is typically accessed through a sealable cover (not 
shown). 
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[0081] The fluid fill path 50 may be separate, as shown in the 
embodiments of FIGS. 1, 3, 4, 5 and 6, or combined with the gas dispensing 
path 24 by using a bypass line from upstream of the first shut-off valve 34 to 
downstream of the second shut-off valve 48, for example. 

[0082] Positioned in the fluid fill path 50 is a fluid fill valve 52. The fluid 
fill valve 52 selectively opens and sealingly closes to control fluid along the 
fluid fill path, which acts to control flow of fluid to the fluid container 12. The 
fluid fill valve 52 can be manually operated. The fluid fill valve 52 can also be 
actuated pneumatically, electromechanically or otherwise mechanically 
actuated. Also, in one embodiment, connected to the fluid fill path 50 is an 
optional safety relief valve, or rupture disc 56. An optional safety relief valve, 
or rupture disc 56 may be required, for example, by the governing transport 
authorities. 

[0083] A person of ordinary skill will understand that various suitable 
locations for the fluid delivery inlet 20, fluid delivery outlet 22, a connecting 
gas flow dispensing path 32, fluid fill path 50, and the filling inlet 54 can be 
used within the scope and range of the claims without departing from the spirit 
of the invention. 

[0084] Referring now to FIG. 4 in this embodiment, the integral valve 
assembly 14 also has an optional purge-gas path 58 communicating with the 
gas dispensing path 24, at a position upstream of the pressure reducer 40 
between the optional filter 36 and the first shut-off valve 34. A purge-gas 
valve 60 is connected downstream of non-return valve 62 and upstream of a 
purge-gas inlet 64, which in the present case, is connected to a purge line 
(not shown). In one mode of operation, an inert fluid (e.g. dry N2, Ar, etc.) 
may be introduced into the integral valve assembly 14 before closing the 
second shut-off valve 48 to further reduce the risk of air ingress into the 
pressure reducer 40 during transit. Thus, a possible additional role of the first 
shut-off valve 34 is to positively separate and thereby prevent the 
contamination or dilution of the hazardous process fluid with the inert purge 
fluid used to blanket the pressure reducer 40 during transit. 
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[0085] Figures 5 and 6 also illustrate an embodiment of the present 
invention with the components of the assembly shown from a different 
perspective, and are partial axial sectional views of the fluid control assembly 
according to an embodiment of the present invention. Since Figures 5 and 6 
have the common details indicated by the same reference numbers as the 
previous figures, where applicable, one of skill in the art understands the 
construction and operation of these features previously discussed in 
connection with the Figures 1-4. 

[0086] As illustrated in FIGS. 5 and 6, another possible option is the 
inclusion of a pressure transducer 66 that can measure the fluid container 
contents whenever this valve is opened, which would take the place of the 
pressure measurement device normally associated with the gas panel. 
Additionally, each of the valves of the present invention can be coupled with 
local sensors that detect low ventilation, excess gas flow, toxic gas release or 
fire. 

[0087] For added safety, a compressor (not shown) may be situated in 
a well-ventilated enclosure (not shown) and be interlocked with hazardous 
fluid release detection sensors (not shown). 

[0088] An optional integral valve protection apparatus (such as to a 
fluid container cap, not shown) may be affixed to the fluid container 12 that 
allows making a low-pressure connection and actuation of the shut-off 
valve(s) without removing the valve protection apparatus. Additionally, with or 
without the above feature, the valve protection cap can optionally serve as 
secondary containment for vapors leaking from any threaded connections to 
the fluid container 12 and may optionally be fitted with a port (not shown) to 
attach leak detection equipment. An integral handle or other lifting aid may be 
molded into the valve protection apparatus to make the package more easily 
transported and installed. 

[0089] Optionally, an electronic control system (not shown) can be 
adapted to the assembly 10 to provide real time control and feedback to 
process tools and operators with information regarding gas utilization, 
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equipment control and operation, cylinder contents, process gas pressure and 
safety alarm status, for example. In a further modification of the integral valve 
assembly 14 (when used as a stand alone assembly or in conjunction with 
other modules), the integral valve assembly 14 may include other control and 
sensing devices, and for example, a microchip connected to a transmitter 
communicating with a remote control station so that switching functions within 
the primary module may be carried out under remote control. 

[0090] The '986 patent, referred to and incorporated by reference 
above, discloses other safety features that are well-suited in the practice of 
this invention. One such safety feature is to provide a metal housing that 
surrounds the integral valve assembly 14 and a plastic ring fitted on the top of 
the housing for absorbing external impacts, protecting the connection 
between primary and secondary modules during handling. Also, a safety 
relief valve or bursting safety disc 56 (shown in Figures 1, 3, 4 and 5) could be 
included. A bursting safety disc usually is in the form of a thin, circular 
diaphragm made of corrosion-proof metal that is intended to break at a 
defined pressure. 

[0091] The normal operation of the assembly 10 (not shown) when 
used as a stand alone assembly during a typical supply of gas from the fluid 
container 12 to the fluid user's application apparatus will now be described. 
The operation of the present invention in other configurations will be readily 
apparent from the description below. 

[0092] In this mode of operation, the fluid user connects to the fluid 
delivery outlet 22, and to the user's process equipment by using the 
appropriate connection adapter. After connection, the purge-gas valve 60 will 
normally be closed, as will the fluid fill valve 52 and the safety relief valve 56. 
When the process gas is required, the first shut-off valve 34 will be opened. 
Fluid (typically gas) flows from the interior volume of the fluid container 12 and 
enters at the fluid delivery inlet 20. The fluid then travels from the fluid 
delivery inlet 20 through the purifier 26 and then through the residual pressure 
valve 28. Once through the residual pressure valve 40, the fluid continues 
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along the first connection gas flow path 32 to the first shut-off valve 34. After 
flowing through the first shut-off valve 34 (when the first shut-off valve 34 is 
opened), the fluid travels along the gas dispensing path 24 to the pressure 
reducer 40. After passing through the pressure reducer 40 where the 
pressure of the fluid is reduced, the fluid travels along the gas dispensing path 
24 and encounters the flow restrictor 46 and continues to a second shut-off 
valve 48. When the second shut-off valve 48 is opened, the fluid then passes 
from the assembly 10 at the fluid delivery outlet 22. 

[0093] Once the fluid user has completed using the fluid, the first shut- 
off valve 34 is closed and the residual fluid is evacuated from the integral 
valve assembly 14. Before the integral valve assembly 14 of the present 
embodiment is disconnected from the components downstream, the second 
shut-off valve 48 downstream of the pressure reducer 40 is closed to prevent 
air from being dispensed into the evacuated space when the system is 
disconnected. 

[0094] When the fluid container 12 has become empty or about empty, 
the fluid container will be disconnected at the fluid delivery outlet 22 and at the 
purging inlet 64 after the purge-gas valve 60 is closed. The entire unit of fluid 
container 12 and integral valve assembly 14 typically will then be returned to 
the gas supplier for filling. The filling is carried out by the gas supplier through 
the fluid fill inlet 54 and fill valve 52, after appropriate purging. 

[0095] A new, filled, gas fluid container will be provided together with its 
integral valve assembly 14 (which may be a primary module, as disclosed in 
the '986 patent) already permanently mounted on the fluid container. The gas 
dispensing path 24 through the integral valve assembly 14 will be purged, and 
the new fluid container 12 and integral valve assembly 14 will be coupled to 
the user's system through the fluid delivery outlet 22 of the new gas fluid 
container 12 and to the purging system through the purging inlet 64. 

[0096] Thus, a make and break connection will be carried out at a 
relatively low pressure, in the region of 0-20 bar. In most situations, the 
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connection between the integral valve assembly 14 and the fluid container 12 
is not broken by the user of the gas fluid container 12. 

[0097] As should be now evident, the present invention has several 
advantages, which will now be discussed. One advantage of the present 
invention is to mitigate the effects of an unintentional release of high purity 
corrosive, toxic, oxidant, inert, pyrophoric fluids and mixtures of such fluids in 
industrial applications, including semiconductor apparatus fabrication. This 
invention has the advantage over conventional approaches in that the present 
invention is arranged to deliver substantially higher flow rates at lower fluid 
container pressures (i.e., as the fluid container is being depleted). 

[0098] For example, a conventional RFO is sized by determining the 
maximum allowable mass flow release rate of the fluid and then sizing the 
diameter of the RFO based on the "worst case" release rate as well as the 
maximum fluid container pressure. In this case, the maximum possible flow 
through the orifice decreases as the fluid container pressure is lowered. 
Therefore, at lower fluid container pressures, the flow from the conventional 
fluid valve assembly is unnecessarily restricted to values significantly below 
the maximum permissible release rate. In fact, it is often necessary to place 
multiple fluid containers in parallel in order to maintain the desired flow rates 
at lower pressures. 

[0099] With the present invention, however, the delivery pressure and 
mass flow rate can remain constant throughout most or all of the useful life of 
the fluid container. Since the fluid flow restrictor is configured using the 
pressure delivered to the fluid flow restrictor 46 by the pressure reducer 40, 
which is significantly less than the internal pressure of a full fluid container 12, 
a somewhat larger fluid flow restrictor can be used. A larger fluid flow 
restrictor, in turn, also reduces the risk of clogging. More significantly, the 
larger fluid flow restrictor and the fact that the flow capacity of the system 
does not steadily fall as the product is withdrawn, makes it possible to use a 
greater fraction of the gas within the fluid container, which reduces the user's 
costs. Also, the present invention allows the fluid container 12 to be filled to 
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its maximum pressure without increasing the flow through the fluid flow 
restrictor 46, thereby reducing the frequency of fluid container 12 changes 
needed. Therefore, by increasing the fill pressure and by depleting the fluid in 
the fluid container 12 to a lower pressure, the user can potentially derive 
significantly more product from each fluid container 12. 

[00100] The use of the fluid control and gas delivery assembly 10 fitted 
with an appropriately sized fluid flow restrictor 46 installed downstream of the 
pressure reducer 40 and a first shutoff valve 34 will also permit higher flow 
rates to be safely achieved from each fluid container 12, allowing for more 
process tools to be supplied from an individual fluid container 12 and/or the 
use of greater fill densities inside the fluid containers 12. 

[00101] Moreover, as the pressure reducer 40 is a potential source of 
failure, the present invention positions the pressure reducer 40 between a first 
shutoff valve 34 and a second shutoff valve 48. This position allows for 
maintenance of the pressure reducer 40 without removing the assembly from 
the fluid container. 

[00102] As a result, the present invention permits savings for the user 
based on reduced frequency of fluid container 12 change outs. Prudent 
operational practice requires trained technicians with appropriate protective 
equipment to conduct hazardous fluid container changes along with the 
associated purging steps before and afterwards. In addition to the labor 
savings of less-frequent fluid container changes, there is also the potential of 
significantly reducing costly downtime of the process equipment. Similarly, 
downtime caused by routine pressure reducer 40 maintenance and 
replacement is eliminated with these integral pressure regulated gas supply 
packages. 

[00103] Another advantage and further safeguard incorporated into the 
present invention permits refill of the fluid container without making a high 
pressure disconnection. Normally, fluid containers contain high pressure 
gases that are usually controlled by a simple shutoff fluid container valve (with 
a rupture disc in the USA). The gas will be used usually at a pressure 
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substantially lower than that in the container, and the user will connect in the 
circuit a pressure reducing device, such as an expansion valve. When there 
is a need to refill the gas fluid container, the shutoff valve on the fluid 
container is closed and the high pressure circuit is disconnected. This make 
and break at the high pressure of the fluid container gives the possibility of 
leakage and contamination. Because the pressure reducing device 40 should 
never be exposed to atmospheric contamination in normal operation (a 
separate path is used by the gas supplier to fill the fluid containers), it should 
now be appreciated that the maintenance requirement for the pressure 
reducer 40 should be lower than that for a pressure reducer on gas panels 
which are potentially exposed to atmospheric contamination during every fluid 
container change. 

[00104] Another advantage of the present invention is that it provides an 
apparatus for containing and delivering hazardous fluids that reduces the 
possibility of accidental spills or release of the hazardous fluid, while at the 
same time, reducing capital and operating costs while enhancing the safety, 
reliability and quality of the delivered products. The present invention 
advantageously increases fluid utilization from the fluid container 12, reduces 
the maximum mass flow release rate from the fluid container in the event of 
catastrophic system failure, and incorporates multiple safeguards into a single 
assembly to enhance safety, efficiency, and reliability during the operation, 
storage and transportation of these fluids. 

[00105] Having these and other advantages over the prior art, the 
present invention has application in a variety of industries and markets, 
particularly, in high flow applications. For example, the present invention may 
be used in connection with applications where the process gas cannot be 
delivered under a partial vacuum or when the pressure drop caused by the 
delivery system requires higher line pressure, and may include dopant, 
etchant, epitaxy, chamber cleaning, low-pressure chemical vapor deposition 
(LPCVD), plasma enhanced chemical vapor deposition (PECVD), 
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atmospheric pressure chemical vapor deposition (APCVD), diffusion and 
thermal oxidation applications. 

[00106] Many other modifications and combinations of the above 
modifications will readily occur to those skilled in the art, upon further 
contemplation of this specification. Although illustrated and described herein 
with reference to specific embodiments, the present invention nevertheless is 
not intended to be limited to the details shown. Rather, various modifications 
may be made in the details within the scope and range of equivalents of the 
claims without departing from the spirit of the invention. 
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